Three experiments were conducted to evaluate influences of supplemental alfalfa quality on intake and use of low-quality meadow grass roughages (MG) by beef cattle. In Exp. 1, 15 steers (250 kg) were assigned to three treatments: 1 ) MG (5.2% CP), no supplement; 2 ) MG plus high-quality alfalfa (18.8% CP); and 3 ) MG plus low-quality alfalfa (15.2% CP). High-and low-quality alfalfa supplements were fed at .45 and .55% BW, respectively. Total DMI was greater ( P < .01) for alfalfa-supplemented steers than for MG. Likewise, intake of digestible DM, DM digestibility (DMD), and ruminal ammonia level were greater ( P < .01) for supplemented steers. In Exp. 2, 96 pregnant Hereford × Simmental cows (537 kg; body condition [BC] score 4.86) were assigned to the same treatments as in Exp. 1. For d 0 to 42, cows grazed on 19.1 ha of stockpiled MG (4,539 kg/ha; 6.8% CP), whereas, on d 43 to 84, cows received MG hay (5.2% CP). Supplemented cows gained more BW ( P < .01), BC score ( P < .01), and had heavier calf birth weight ( P < .01) than nonsupplemented cows. However, there were no treatment effects ( P > .10) on cow cyclicity, pregnancy rate, or calving interval. In Exp. 3, 90 pregnant Angus × Hereford cows (475 kg; BC score 4.59) were assigned to three treatments: 16.1%, 17.8% or 20.0% CP alfalfa supplement, with levels of .63, .55, and .50% of BW, respectively. Weight gain and BC score for the 84-d study displayed a quadratic response ( P < .10), yet represented only 7 kg BW and .2 units of BC score. In conclusion, alfalfa hay supplementation was effective in increasing DMI and digestibility. However, alfalfa hay quality did not dramatically affect BW, BC score, and(or) calf birth weight, when fed on an isonitrogenous basis.
Introduction
Protein supplementation is a routine practice in the beef cattle industry, particularly with cattle grazing dormant or stockpiled forages or fed low-quality hays or straws. Supplementation stimulates voluntary intake and improves cattle performance (Kartchner, 1980; DelCurto et al., 1990b; Horney et al., 1996) . Improvements in voluntary intake are often attributed to increased rates of forage digestion and digesta passage (Church and Santos, 1981) . Improved intake and utilization of low-quality roughages, in turn, promote improved beef cow BW gain, body condition, reproductive efficiency, and weaning weight of calves (Clanton, 1982; Cochran et al., 1986b; DelCurto et al., 1990c) .
Most research on protein supplementation of beef cows has focused on oilseed meals (e.g., soybean, cottonseed, and canola meal), nonprotein nitrogen ( NPN) , or strategies of supplementation such as timing, frequency, and amounts. In addition, alfalfa hay and alfalfa products have been favorably compared with oilseed meals (Judkins et al., 1987; Cochran et al., 1986b; DelCurto et al., 1990c) . Most of the alfalfa used in these studies has been high in quality (> 17% CP and < 35% ADF). However, the alfalfa traditionally used as a supplement in the beef cattle industry tends to be relatively low in quality and not suitable for high-quality alfalfa markets. Therefore, the objective of this study was to compare effects of a range of supplemental alfalfa qualities on the intake, digestion, and subsequent performance of beef cattle consuming low-quality roughages. 
Materials and Methods

Alfalfa Supplements
Two maturities of second-cutting alfalfa ( Medicago sativa) were obtained for Exp. 1 and 2. The maturity stages were early bud (high-quality) and late bloom (low-quality). The field was divided into two blocks and, within the two blocks, two maturities were randomly obtained by evaluating the phenology of the plant at the time of harvesting (Table 1 ). In Exp. 3, three stages of second-cutting alfalfa were obtained from the same field. In this case the stages were early bud (high-quality), early bloom (mid-quality), and late bloom (low-quality; Table 1 ). This field was divided into four blocks, and within the four blocks, three maturities were randomly obtained by evaluating the phenology of the plant at harvest time. All alfalfa supplements were obtained from the same 22-ha field. Treatment maturities of alfalfa were then baled into rectangular bales (55 kg) and randomly mixed during feeding of the supplements. Ground level clippings were taken prior to all cuttings to determine total above-ground biomass. Feed samples were then taken from the baled hay and prepared for later analysis (Table 1) .
Meadow Hay
Low-quality meadow grass hay ( MG) was utilized as the basal diet for all of the experiments conducted. The hay for Exp. 1 and 2 was obtained from a 12.7-ha field at the Eastern Oregon Agriculture Research Center in Union (Table 1) . Even though the MG hay for Exp. 3 was obtained from the Eastern Oregon Agriculture Experiment Center in Burns (Table 1) , both hays were at a late maturity at the time of cutting. The low-quality MG hay was dominated by tall fescue ( Festuca arundinacea) , reed canary grass ( Phalaris arundinacea) , orchardgrass ( Dactylis glomerata) , Kentucky blue grass ( Poa pratensis) , and downy brome ( Bromus tectorum) . Feed samples were taken from the baled hay and prepared for later analyses (Table 1) .
Exp. 1-Digestion Study
Ruminally cannulated Simmental × Hereford × Angus steers ( n = 15; average initial BW = 250 kg) were used to assess the influence of supplemental alfalfa quality on the intake, digestibility, and fermentation characteristics of MG. Procedures and techniques were approved by the Institutional Animal Care and Use Committee of Oregon State University. Steers were blocked by weight and within block assigned randomly to one of three treatments: 1 ) meadow hay, control; 2 ) meadow hay and low-quality alfalfa (15.5% CP) supplement; or 3 ) meadow hay and high-quality alfalfa (18.8% CP) supplement. Lowand high-quality alfalfa supplements were fed at (DM basis) .55% BW and .45% BW, respectively. Differing supplement quantities ensured equal amounts of supplemental CP per animal. Steers were housed in individual pens ( 3 × 3 m). Alfalfa hay supplement was provided at 0730 daily. Following supplement feeding, steers were offered MG hay at 125% of their previous 5-d average intake to allow ad libitum access. All forages were coarsely chopped (2-to 6-cm length) prior to feeding to facilitate feeding and weighing. Steers had ad libitum access to water and tracemineralized salt blocks (content not less than .35% Zn, .34% Fe, .20% Mn, .033% Cu, .007% I, and .005% Co; DM basis) throughout the experiment.
Feed offered and refused was measured daily throughout the study, and feed and ort samples were collected on d 15 through 26. On d 21 through 26, feed subsamples and 10% of orts were reserved for compositing and analysis. Orts were weighed, dried, reweighed, composited by steer, ground, and stored for later analyses. Feeds were handled similarly, and 100-g samples were taken daily during the intake and fecal collection period. These samples were ground and stored for later analyses. On d 20, steers were fitted with fecal harnesses and bags. Bags were weighed and emptied once daily, and 5% subsamples were taken from each collection, weighed, dried, reweighed for DM, and composited by steer. On d 27 at 0700 ( 0 h), 18 nylon bags (duplicate samples and one blank for each time period; 10.0-× 5.0-cm, pore size 53 ± 10 mm) containing 1-g samples of ground alfalfa hay (2-mm length) were placed in the rumen of the supplemented steers within a weighted garment bag. At the same time, each steer was dosed intraruminally with 1.0 g of Cr (prepared as CrEDTA) in 100 mL of aqueous solution as a liquid dilution marker. Bags for 0 h were rinsed in water, and subsequent bags were removed at 3, 6, 9, 12, 18, and 24 h after feeding. Upon removal, all bags were immediately rinsed and frozen until analysis could be conducted. In situ rates of digestion and digestion lag times were calculated as described by Ørskov and McDonald (1979) . Data was entered as a fraction of nutrient remaining versus time of incubation. Alfalfa supplement in situ analysis was evaluated using a NLIN procedure and Marquardt model fit approach (SAS, 1991) . Ruminal fluid was sampled on d 27 through the ruminal fistula by a suction strainer just before dosing ( 0 h ) and at 3, 6, 9, 12, 18, and 24 h after dosing. Approximately 10-mL portions of ruminal fluid from all sampling times were frozen for subsequent CrEDTA analysis. The 0-through 24-h samples were analyzed immediately for pH using a portable pH meter with a combination electrode (Orion Research, Boston, MA), and proportions of ruminal fluid were acidified and frozen for VFA analysis ( 8 mL of ruminal fluid added to 2 mL of 25% [wt/vol] metaphosphoric acid) and NH 3 -N analysis ( 5 mL ruminal fluid added to 5 mL of .1 N HCl). On d 28, reticuloruminal contents were evacuated manually and weighed 6 h after feeding. Triplicate subsamples of mixed ruminal contents were taken, weighed, dried, and reweighed to calculate DM and liquid fill, composited by steer, and analyzed for indigestible ADF ( IADF) .
Samples of alfalfa, MG, orts, feces, and ruminal contents were dried at 60°C in a forced-air oven and ground to pass a 1-mm screen with a Wiley sample mill. Feed samples (alfalfa and meadow hay) collected during the fecal collection period were compiled across days. Orts and fecal samples were compiled across days for each steer. Ruminal digesta samples, previously collected in triplicate, were combined into a single sample for each steer.
Samples of the ground feed, orts, feces, and ruminal digesta were dried at 100°C for 24 h in a convection oven for DM determination and ashed at 500°C for 8 h in a muffle furnace for determination of OM concentration. Ground alfalfa and meadow hay were analyzed for DM and Kjeldahl N (AOAC, 1984) . Acid detergent fiber and lignin were determined for diet samples and NDF for diet samples and feces using the procedures outlined by Goering and Van Soest (1970) . Acid detergent insoluble N was calculated by Kjeldahl N on the ADF residue (Goering and Van Soest, 1970) . Indigestible acid detergent fiber was determined (Cochran et al., 1986a ) using a 144-h in vitro digestion to determine the indigestible component of all diets.
Ruminal fluid preserved for analysis of Cr, VFA, and NH 3 -N was thawed and centrifuged at 10,000 × g for 15 min before analyses. Ammonia N concentrations were determined using a combination electrode. Ruminal VFA analysis was performed using a fused silica capillary column (Alltech Associates, Inc., Deerfield, IL) in a gas chromatograph instrument (Hewlett Packard Co., Analytical Group, San Fernando, CA). The CrEDTA was analyzed using an atomic absorption spectrophotometer.
All data were analyzed by using the GLM program of SAS (1991). Intake, digestibility, in situ digestion, and liquid and particulate kinetics were analyzed as a randomized complete block design with effects partitioned for treatment and block. Data collected at different times for each steer (fermentation characteristics) were analyzed as a repeated measures randomized complete block design (Steel and Torrie, 1980) . Because animals were fed individually, a steer was considered the experimental unit. Differences among treatments were evaluated using preplanned contrasts for 1 ) the control diet vs supplemented diets and 2 ) low-quality alfalfa hay vs high-quality alfalfa hay supplementation.
Exp. 2-Cow Performance Trial
Pregnant Hereford × Simmental cows ( n = 96; average initial BW = 546 kg; average initial body condition = 4.84 on a 1 to 9 scale with 1 =emaciated and 9 = obese; Lemenager et al., 1991) were stratified by age and body condition, and within stratum were assigned randomly to four replicates of the three treatments described in Exp. 1. Alfalfa hay supplements were weighed daily before feeding and sampled weekly for feed analysis. All cows shared one common pasture and were sorted into assigned replicate/ treatment groups at 0900 to be bunk-fed their daily allotted supplement. Treatments were fed for an 84-d period from November 22, 1995 , to February 14, 1996 . For the first 42-d period, cows grazed on a 19.1-ha stockpiled pasture (average production 4,536 kg/ha). Production estimates were derived from the average of 20 randomly spaced .25-m 2 plots clipped to a 1-cm height. The stockpiled meadow forage was dominated by tall fescue ( Festuca arundinacea) , reed canary grass ( Phalaris arundinacea) , orchardgrass ( Dactylis glomerata) , Kentucky bluegrass ( Poa pratensis) , and downy brome ( Bromus tectorum) . During the second 42-d period, cows had ad libitum access to baled MG hay, which was fed between 1500 and 1700 daily. This was the same source of MG used in Exp. 1 (5.2% CP). Meadow grass hay was baled into round bales and core samples were taken weekly during the feeding period, composited, and later analyzed for nutritive value. Cows had ad libitum access to trace mineralized salt and water throughout the winter feeding period. Cows were weighed and scored for body condition independently by three observers on d 0, 42, 84, 152 (before breeding), and 291 (postweaning). At 1600 the day before each weigh and score date, the cows were gathered and placed in a corral away from feed and water overnight. The cows were then weighed and body condition scored at 1000 the next day. Calving began on d 85 and calves were weighed within 24 h postpartum, d 152 (prebreed), and d 291 (weaning). The percentage of cows cycling before the breeding period was determined by measuring blood serum progesterone in two samples taken 10 d apart. If one or both of the blood samples contained serum progesterone values in excess of 1 ng/mL, the cow was considered to be cycling. Final conception rates were determined by rectal palpation, and calving interval was measured by using the following year's calving date.
Weight change, condition change, calving interval, calf birth, and weaning weight were analyzed using the SAS (1991) GLM program. A randomized complete block design was used for analysis, with feeding group as the experimental unit. Differences among treatments were evaluated using preplanned contrasts for 1 ) control diet vs supplemented diet and 2 ) lowquality alfalfa vs high-quality alfalfa supplementation. Probabilities less than .10 were considered significant, and values of less than .05 and .01 were expressed to imply degree of significance. Pregnancy rate and cyclicity were analyzed using the CATMOD procedure of SAS (1991) . Experimental data for three cows were removed due to reasons deemed unrelated to experimental treatments (one cow with twins, one cow confirmed open, and one cow with severe health problems).
Exp. 3-Cow Performance Trial
Pregnant Angus × Hereford cows ( n = 90; average BW = 475 kg; average initial body condition = 4.59) were stratified by age and body condition and, within stratum, assigned randomly to one of three supplemental treatments: 16.1%, 17.8%, or 20.0% CP alfalfa. The level of long-stemmed alfalfa hay supplementation (DM basis) was .63, .55, and .50% of BW, respectively, and provided isonitrogenous supplemental inputs. All cows shared one common pasture and were sorted according to their assigned treatment daily between 0700 and 1000. Cows were then returned to the same pasture and offered ad libitum access to baled MG (5.6% CP). Core samples from the alfalfa supplements and basal diets were later composited according to feed type and used for feed analysis. Cows had ad libitum access to water and trace-mineralized salt (composition the same as Exp. 1 and 2 ) throughout the study. Treatment supplements were fed for an 84-d period from December 2, 1993 , to February 24, 1994 . Cows were weighed and scored for body condition independently by two observers on d 0, 42, and 84 of the feeding period. Feed and water were withheld for 18 h before each weigh and score date.
Weight change, condition change, calving interval, and calf birth weights were analyzed using the SAS (1991) GLM program. A completely randomized design was used for analysis, with individual cows as the experimental unit. Differences among treatments were evaluated using linear and quadratic contrasts. Pregnancy rate was analyzed using the CATMOD procedure of SAS (1991).
Results and Discussion
Exp. 1-Digestion Study
Intake and Digestibility. Total DMI increased by 18 and 30% ( P < .01) for low-and high-quality alfalfasupplemented steers, respectively, compared with controls (Table 2) . However, there was no difference ( P > .10) in DMI between steers receiving 18.8% CP high-quality alfalfa supplement ( AHS) vs steers receiving 15.2% CP low-quality alfalfa supplement ( ALS) . Intake of MG did not differ ( P > .10) between alfalfa-supplemented cows and nonsupplemented cows. However, cows receiving ALS consumed less MG than cows on the AHS treatment ( P < .10). Dry matter digestibility was 5 to 9% greater for supplemented steers than for the steers receiving only MG ( P < .01; Table 2 ). However, there was again no difference in DM digestibility between steers receiving AHS and ALS supplements ( P > .10). Likewise, intake of TDN (total DM intake multiplied by total tract DM digestibility) was 30 to 38% greater ( P < .01) for alfalfa-supplemented steers than for controls. In situ extent of alfalfa digestion was 2.3% greater ( P < .01) for AHS (18.8% CP) than for ALS (15.2% CP). However, this difference is biologically negligible and no differences were observed ( P > .10) in digestion lag time and rate of digestion. There was also no overall difference ( P > .10) in NDF digestibility between supplemented and nonsupplemented treatments. However, when alfalfa supplements were compared, AHS had higher ( P < .05) NDF digestibility than ALS. The increase in total DMI is in agreement with numerous other researchers who have observed similar results with protein supplementation of lowquality roughages. DelCurto et al. (1990c) noted a twofold increase in total DMI when steers were supplemented with alfalfa or soybean meal/sorghum grain-based protein sources. Horney et al. (1996) noted a 13% increase in the DMI of steers fed tall fescue straw (4.1% CP) with alfalfa (20% CP). Comparable DMI responses were observed by Caton et al. (1988) when steers were supplemented with cottonseed meal while grazing dormant bluegrama rangeland. Unlike our study, in which no difference in overall NDF digestibility was observed, Caton et al. (1988) reported that supplemented animals had higher NDF digestibility of the basal diet. However, Sunvold et al. (1991) reported no increase in NDF digestibility with protein supplementation of wheat middlings.
The improvements in DMI and total diet digestion seem to be a function of digestibility, palatability, and quantity of supplement fed. The lower levels of ADF and IADF for the alfalfa supplements suggest that alfalfa was less fibrous and more digestible than the MG. Therefore, when the alfalfa component was factored in at 20 to 25% of the daily diet, a larger proportion would be digestible compared with MG by itself. Improved palatability of the alfalfa supplements may also have stimulated intake, which resulted in an additive effect on the MG consumption.
Digesta Kinetics. There were no differences ( P > .10) between treatments in ruminal DM and IADF fill at 6 h after feeding (Table 2) . Liquid fill, liquid dilution, and liquid flow showed no difference ( P > .10) among treatments. However, outflow and passage rates of IADF tended to be faster ( P < .10) for alfalfasupplemented steers than for control steers. Previous research has indicated that protein supplementation of low-quality roughages increases ruminal DM and IADF fill. DelCurto et al. (1990c) reported that protein-supplemented steers displayed at least a 75% increase in these two measures when compared with nonsupplemented steers receiving only low-quality tall grass prairie hay. DelCurto et al. (1990c) also Figure 1 . Influence of supplemental alfalfa hay on ruminal ammonia concentration in beef steers consuming low-quality roughages. Steers on control diets differed (P < .01) from steers fed alfalfa supplements for all sampling times. Low-quality versus high-quality alfalfa differed (P < .10) for 3 and 9 h after feeding. Standard errors within time periods ranged from .58 to .23 mg/dL.
reported that ruminal volume was significantly increased with protein supplementation. McCollum and Galyean (1985) reported that cottonseed meal supplementation increased ruminal fluid passage in beef steers fed low-quality prairie hay. Such increases suggest that factors other than distention per se may play an important role in regulating the intake of Ndeficient forages. The tendency for increases noted in this experiment in IADF passage and outflow with protein supplementation are substantiated by previous research with ewes and beef cattle (Sunvold et al., 1991) . In the present study, ruminal DM and IADF fill were not substantially altered; however, this may be due to the higher quality of the basal diet used in our study when compared with basal diets used in previous studies (Sunvold et al., 1991; Vanzant and Cochran, 1994) . Increases in IADF outflow and passage rates are most likely the result of decreased concentration of IADF in the diets of the supplemented steers.
Ruminal Fermentation Characteristics. There was no sampling time × treatment interaction for ruminal pH (Table 3) . However, pH tended ( P < .10) to be lower in the control steers than in the alfalfa-supplemented steers. Supplementation with alfalfa had no effect ( P > .10) on total VFA production, whereas, VFA molar percentages displayed a sampling time × treatment interaction ( P < .01) for isobutyrate, isovalerate, and butyrate. However, the biological nature of the interactions did not preclude evaluating main effects. Isobutyrate and isovalerate molar percentages were greater in steers receiving alfalfa supplements than in steers on control diets ( P < .05). No treatment or sampling time × treatment interaction ( P > .10) for acetate, propionate, or valerate molar percentages was detected. Molar percentages of acetate and propionate and the acetate:propionate ratio were not affected by treatment ( P > .10). Ruminal ammonia levels showed a strong treatment × time interaction ( P < .01; Figure  1 ). Ruminal ammonia levels between AHS and ALS were similar except at h 3 and 9, when there was a slight difference ( P < .10). At 0 h, supplemented steers had an average of 4.38 mg/dL of ammonia compared with .29 mg/dL for control steers ( P < .001). Ammonia levels peaked 3 h after feeding, with supplemented steers having an average of 11.23 mg/ dL of ammonia compared with 1.18 mg/dL for control steers. Supplemented steers maintained ( P < .01) higher levels of ruminal ammonia throughout h 6, 9, 12, and 18. In contrast, steers fed control diets had levels of ruminal ammonia that may not be adequate for optimal ruminal fermentation. The results in this study are contrary to many previous studies (Stokes et al., 1988; Sunvold et al., 1991) in which supplemented animals tended to have a lower average pH due to increased total VFA production. However, similar to our research, McCollum and Galyean (1985) and Hunt et al. (1988) showed that supplementation did not increase VFA production and(or) decrease ruminal pH. This may explain why we did not detect a drop in the pH such as noted by DelCurto et al. (1990c) and Sunvold et al. (1991) , with a slight lowering of pH in proteinsupplemented steers. DelCurto et al. (1990c) attributed the lower pH to VFA production that was as much as 40% higher in supplemented compared with nonsupplemented steers. Similar increases in VFA concentrations were observed by Vanzant and Cochran (1994) . The increases in VFA production may be attributed to alfalfa supplements providing more substrate (proteins and amino acids) for production of branched-chain VFA (Sunvold et al., 1991) . Ammonia concentrations in this study were similar to those reported by Guthrie and Wagner (1988) and Stokes et al. (1988) . The higher ammonia concentrations, in turn, may have raised ruminal pH, possibly explaining why pH was slightly lower in the nonsupplemented steers.
Finally, it must be noted that many of the supplementation trials reported by DelCurto et al. (1990c) , Sunvold et al. (1991) , and Vanzant and Cochran (1994) used lower quality roughages as the basal diet compared with the current experiments. Perhaps the difference in the quality of the basal diet may explain the differences in ruminal fermentation and VFA production observed.
Exp. 2-Cow Performance Trial
Cows consuming supplemental alfalfa demonstrated improved BW and body condition ( BC) status during the winter period ( d 0 to 84; Table 4 ). Supplemented cows gained more BW ( P < .01) over the 84-d supplement feeding period than nonsupplemented cows. Likewise, supplemented cows had 8% greater BC score at weaning ( P < .01) the following fall compared with nonsupplemented cows. In contrast, no difference ( P > .10) between the low-and high-quality alfalfa supplements for overall BW Table 5 . Influence of low-quality hay (ALS) versus high-quality alfalfa hay supplementation (AHS) on beef cow reproductive efficiency a and calf growth (Exp. 2) a Cows cycling was determined just prior to the breeding season. Pregnancy rate was determined as the number of cows diagnosed pregnant divided by the number of cows exposed.
b Based on weight within 24 h of birth. c Julian days. d Calf weights correspond to average days postpartum. e CATMOD procedure, SAS (1991). change and BC score were observed. Body weight gains for all treatments were greatest d 0 to 42. However, alfalfa-supplemented cows still gained more than twice as much BW ( P < .01) than did nonsupplemented cows. Increases in BC score for control treatments were negligible for the first 42-d period; however, alfalfa-supplemented cows increased in BC by more than .25 unit ( P < .01). Body weight gain during d 43 to 84 was reduced in all treatments. However, alfalfa-supplemented cows had an average of 50% greater BW gain ( P < .01). All treatments experienced losses in BC score during this period; however, the decrease in BC score for alfalfa-supplemented cows was 35% less ( P < .01) than that for nonsupplemented cows. Even though alfalfa-supplemented cows experienced less loss in BC score than control cows, low-quality alfalfa-supplemented cows lost more BC score ( P < .05) than high-quality alfalfasupplemented cows. Day 43 to 84 also coincided with an 8-d period of below-average temperatures and above-average precipitation. Postpartum BW and BC score were greater at d 152 ( P < .05) for alfalfasupplemented cows than for control cows. However, during d 152 to 291 nonsupplemented cows clearly showed substantial compensatory gain. Control cows gained 20 kg more BW ( P < .01) and .2 of BC score units ( P < .05) than did alfalfa-supplemented cows. At d 291, there were no differences in BW or BC ( P >.10) between the treatment groups. There were no treatment effects ( P > .10) for birth date (Table 5) . However, there was a strong relationship ( P < .01) between alfalfa supplementation and calf birth weight. Calves from the alfalfa-supplemented treatments were 2.9 kg heavier than calves from the nonsupplemented treatment. Subsequent calf ADG and final weaning weights, however, showed no effect ( P > .10) due to alfalfa supplementation. Analysis of blood serum progesterone levels indicated no effect ( P > .10) of alfalfa supplementation on cow cyclicity before breeding (Table 5) . Similarly, there were no differences on cow pregnancy rates ( P < .10) or calving interval ( P < .10). Research done by Clanton and Zimmerman (1965) , however, indicated that long-term protein deficiency can severely impair long-term reproductive success and efficiency. These results indicate that cows do have the ability to be resilient in the short term and, when permitted access to good quality forage in the summer, can make up for short-term nutritional deficiency by compensatory gains. Cochran et al. (1986b ), DelCurto et al. (1991 , and Horney et al. (1996) have all reported similar results in BW and BC score responses to protein supplementation of low-quality roughages. Cochran et al. (1986b) noted losses in BC score and decreases in BW gain with cows during periods of severe weather. Severe weather conditions increase the maintenance energy requirements of cows (NRC, 1984) and, as reported earlier, could be the reason for decreases in these two traits during d 43 to 84. The last 42 d of the feeding period also coincided with cows being removed from the stockpiled pasture (6.8% CP) and fed baled MG (5.2% CP). As parturition approaches, ruminal capacity decreases ; Stanley et al., 1993), which potentially reduces the supplementation effect of maximizing forage DMI. This may be another reason for greater condition loss observed during the last 42-d period. Postpartum BW and BC score changes seem to be influenced by prepartum BW and BC (DelCurto et al., 1990a) . This explains why alfalfa-supplemented cows still had an advantage in BW and BC score over nonsupplemented cows at the time of breeding. However as forage becomes abundant during the grazing season, cows can have compensatory gains if they were in a previous state of nutrient deficiency (DelCurto et al., 1990a) . Similar to Clanton and Zimmerman (1965) , calf birth weights were greater for supplemented cows' calves than for calves from nonsupplemented cows. Increased calf birth weights may, in turn, correspond to a healthier calf more able to withstand early postpartum stress.
Contrast ( P-values)
Exp. 3-Cow Performance Trial
Over the 84-d feeding period, cow BW change was influenced quadratically ( P < .05) by the quality of supplemental alfalfa (Table 6 ). Cows supplemented with 18% CP alfalfa had the highest BW gain. Likewise, cow BC score change was affected quadratically ( P < .10) and again the 18% CP alfalfa had the greatest gain (Table 6 ). Increases in cow BW were greatest for d 0 to 42 ( P < .05), but no differences ( P > .10) in cow BC score were noted. However, d 43 to 84 showed quadratic changes in cow BC score ( P < .01) and no difference in cow BW ( P > .10). No differences ( P > .10) between treatment groups for the date of calving (average = April 1 ) or birth weight (39.6 kg) were detected. Cow BW gain before breeding tended to display a quadratic effect ( P = .12); however, the BW differences were negligible. Cow BW at d 295 was less than cow BW at d 0, due to poor summer forage conditions. No linear ( P > .10) or quadratic ( P > .10) interactions were detected for final BW and BC score changes. Subsequent conception rates for treatments showed supplementation effects ( P < .05). However, the magnitude of the BW and BC score differences during the winter feeding period do not fully explain this observation.
Results in this study are in general agreement with previous studies, although subtle differences do exist. Vanzant and Cochran (1994) found that cow BW increased linearly with increased quantities of supplemental alfalfa. However, in this study alfalfa was fed to maintain isonitrogenous inputs. Other researchers have compared the effects of prepartum nutritional status on postpartum performance and did observe compensatory changes in BW and BC score (Clanton and Zimmerman, 1965; DelCurto et al., 1990a; Vanzant and Cochran, 1994) by cows that were nutritionally restricted during the prepartum period. However, cows in these studies did not seem to be nutritionally restricted, and, for that reason, there were few treatment effects on BW. In our experiment, subsequent weight change from 187 d to trial termination was unaffected ( P > .10) by previous nutritional treatment as well.
The success of any beef operation depends on maximizing cattle production and minimizing input costs. Previous research by Clanton and Zimmerman (1965) has demonstrated that poor nutritional status of beef cows leads to lower conception rates, extended postpartum anestrus intervals, and reduced calf crops at weaning. Protein supplementation of low-quality roughages can have a tremendous impact on cow BW and BC score. Evaluation of previous research (Cochran et al., 1986b; DelCurto et al., 1990b ) using different protein supplements in comparison with alfalfa indicate that similar winter performance could be realized with alfalfa hay or pellets versus oilseed supplements. In addition, alfalfa hay often compares favorably with other protein sources in terms of price per unit protein. However, the cost of alfalfa varies according to quality. In Exp. 3, 16 to 18% CP alfalfa performed as well as high-quality alfalfa (20% CP) when fed on an isonitrogenous basis.
Implications
All three supplementation experiments suggest that alfalfa hay is an effective protein supplement for lowquality roughages. Alfalfa supplementation increased total intake, digestibility, and ruminal ammonia levels. Improvements in intake and digestible nutrients in alfalfa-supplemented cows, in turn, led to improved cow body weight and condition when compared with nonsupplemented cows. However, quality of alfalfa did not dramatically affect weight and condition changes when fed on an isonitrogenous basis.
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